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Performance Evaluation of a Reinforced Earth 
Wall for 1-95, Philadelphia 
Umkant Dash 
Foundations Engineer, Pennsylvania Department of Transportation, Harrisburg, 
Pennsylvania, U.S.A. 
SYNOPSIS A 1630-foot long "reinforced earth" wall varying in height from 5 to 35 feet was con-
structed for Interstate 95 Project (1980) to serve as a sound barrier for the Society Hill area of 
Philadelphia. This case history describes the methods of special laboratory testing used for the 
selection of granular backfill, the details of construction control and the special field pullout 
testing for the performance evaluation of the wall. 
INTRODUCTION 
The use of "reinforced earth" wall has become 
popular in the past decade because of its good 
performance, economy and ease of construction. 
Because of space limitations and for protect-
ing the adjacent Society Hill area from traf-
fic noise it was necessary to construct a wall 
along Interstate 95 in Philadelphia. Several 
types of walls were used as sound barriers in 
this area. A "reinforced earth" wall was se-
lected for areas between Station 192+25 and 
Station 208+55, because this type of wall was 
determined to be the most suitable and econom-
ical for this location. For the selection of 
backfill, materials from nine different 
sources were tested for gradation, compaction, 
strength and for soil-metal friction proper-
ties. This paper describes the testing and 
selection of backfill material, construction 
control and field testing. 
PROJECT DESCRIPTION 
This project is located in the Society Hill 
area on the east side of downtown Philadelphia 
along I-95. In order to protect the cutslope 
of this depressed section of highway and to 
protect the area from noise, a "reinforced 
earth" wall was selected. This wall was 1630 
feet long and varied in height from 5 to 35 
feet. A typical cross section is shown on 
Figure l. The "reinforced earth" wall con-
sisted of reinforced concrete face panels to 
which deformed steel strips were attached to 
serve as reinforcement for the select grade 
granular backfill. 
LABORATORY TESTING 
Materials from nine different sources were 
tested for the selection of backfill for the 
"reinforced earth" wall. These materials were 
tested for gradation, compaction characteris-
tics and strength properties. In addition, 
two types of special testing were conducted to 
determine the friction between backfill and 
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steel strips. These special tests consisted 
of: (a) Pennsylvania Modified Direct Shear 
Tests and (b) Laboratory Pullout Tests. 
(a) Pennsylvania Modified Direct Shear Tests: 
(PMDS Tests) 
The PMDS Tests were similar to the standard Di-
rect Shear Tests (AASHTO T-236), but the lower 
half of the mold was modified to accommodate a 
circular piece of the reinforcing steel strip. 
Both peak and the residual values of the fric-
tion angles were determined for the different 
materials. These values are presented on Table 
I. 
(b) Laboratory Pullout Tests: (LP Tests) 
The general set up for the LP Tests is shown in 
Figure 2. A compacted soil sample in a special 
compaction mold with an opening for the steel 
tie strip, is placed between a fixed plate and 
a hydraulic cylinder, through which normal 
pressure is applied. The normal load measured 
by a load cell, the shear load and the move-
ments are automatically recorded, as the tie 
strip is pulled out of the mold. The LP Tests 
were done using parts of strips with single and 
double ridges. A summary of the test results 
is presented on Table I. 
DESIGN 
Two major considerations are taken into account 
for the design of "reinforced earth" walls: 
(a) External Stability: The wall must be safe 
against overturning and sliding and the maximum 
bearing pressure must be less than the allow-
able bearing pressure for the foundation soil. 
Using soil properties of c=o and ¢=34 degrees 
for the backfill and values of c=o and ¢=30 de-
grees for the random fill, the following fact-
ors of safety were obtained for a wall height 
of 27.0 feet and a base width of 20.0 feet. 
Factor of safety against overturning 
Factor of safety against sliding 






























Fig. l. Typical Cross Section 
(b) Internal Stability: In order to assure 
the internal stability of the "reinforced 
earth" wall and prevent pullout of the rein-
forcing strips and prevent the brea~ing of the 
strips, the design must provide adequate fact-
ors of safety against strip pullout and break. 
Factor of safety against strip pullout 
= Available Resistance/Driving Force. 
Factor of safety against strip break 
Ultimate strength of strip/Actual 
stress on the strip. 
The entire wall was designed to assure minimum 
factors of safe·ty against pullout and break of 
strips of 1.5 (varied from 1.51 to 2.39). 
CONSTRUCTION 
The construction of the wall was controlled so 
as to insure that all wall elements (concrete 
face panels, reinforcing strips and backfill) 
were placed according to specifications. The 
materials from Campo Pit-1, which consisted 
primarily of fine sand (A-3(0)) was used as 
backfill in the lower part of the wall and the 
material from Siegert Pit, which was primarily 
a silty sand material (A-2-4 (0)), was used in 
the upper part of the wall. The standard con-
crete face panels and deformed strips supplied 
by the Reinforced Earth Company, were used. 
This was the first Commonwealth of Pennsylvania 
project, in which deformed reinforcing strips 
were used. Depending on the height of the wall 
(varied from 5 to 35 feet) , the amount of rein-
forcement was either 4 of 60 x 5 mm strips or 
5 of 40 x 5 mm strips per panel and the strip 
length varied from 14 to 20 feet. The strip 
deformations consisted of a pair of full width, 
3 rom-high, ribs spaced 50 mm from each other 
and repeating every 165 mm along the length of 
the strip. The backfill was placed and com-
pacted in layers so that the reinforcing strips 
could be placed in horizontal layers. The 
backfill near the face panels were compacted 
using hand-vibratory rollers. 
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Fig. 2. A General Setup for the LP Tests 
FIELD TESTING 
Thirteen test strips were installed at variou 
points along the wall to perform "Field Pullo 
Tests" (FP Tests). The FP Tests were perform 
to determine the soil/metal friction in the 
field and to compare it with the laboratory 
values obtained from LP Tests. Figure 3 show 
a test set up for a FP Test. The loading sys 
tern included a test frame, load cell, hydraul 
jack, pressure gauge and a hand pump. In add 
tion to these items, a dial gauge was used to 
record movements. The test frame was placed 
against the wall with the test strip at the 
center of the frame. A threaded pullrod was 
inserted through the hydraulic jack, load eel 
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and the test frame and attached to the test-
strip by bolts and nuts. The load was applied 
by a hydraulic jack using a hand pump. The ap-
plied load was calculated from the readings of 
the pressure gauge and the movements were cal-
culated from the dial gauge readings. Table II 
shows a typical set o£-"Field Pullout Test 
Data", which is graphically presented on Figure 
4. A summary of all pullout tests is presented 
on Table III. 
TABLE II. Field Pullout Test Data 
Test Strip No. 3 
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Fig. 3. A Test Setup for the FP Tests 
TABLE III. Sununary of Field Pullout Test Data 
STATION TEST STRIP Coefficient of Friction 
No Length Width Depth Peak Resi Ft. Ft. Ft. dual 
196+45 1 10.0 0.131 20.0 2.477 2.477 
198+93 2 10.0 0.131 25.0 2.161 2.161 
204+52 3 20.0 0.197 26.0 0.664 0.547 
207+00 4 5.0 0.197 25.0 1.435 1.278 
194+08 5 10.0 0.131 19.0 2.574 l. 986 
204+50 6 20.0 0.197 26.0 1.533 1.533 
207+73 7 10.0 0.197 22.0 2.445 2.198 
207+00 8 5.0 0.197 25.0 1.172 0.963 
201+73 9 15.0 0.197 26.0 4.095 2.116 
204+50 10 20.0 0.197 26.0 0.925 0.903 
SUMMARY 
A method of selection of backfill for "rein-
forced earth" walls, using Modified Direct Shear 
Tests (MDST) and Laboratory Pullout Tests (LPT) 
is described. This procedure helps determine 
the least expensive material which satisfies the 
design requirements and other specifications. A 
case history for a "reinforced earth" wall using 
deformed steel strips is presented. The deform-
ed strips appear to provide greater soil/metal 
friction. A considerable number of "reinforced 
earth" walls have been constructed with success, 
but the number of field tests on actual projects 
is very limited. The field tests performed for 
this project provided significant information as 
to the effectiveness of deformed strips. Figure 
5 shows that shorter strips provide higher aver-
age apparent coefficient of friction. 
CONCLUSIONS 
The following conclusions are made: 
(1) All material used as reinforced earth back-
fill should be tested for the angle of internal 
friction and the soil/metal friction, in addi-
tion to the conunonly specified gradations re-
quirements. Otherwise, the design cannot be op-
timized in terms of constructing a safe and 
economical "reinforced earth" wall using the 
available materials. 
(2) The Pennsylvania Modified Direct Shear 
Tests (PMDS) and Laboratory Pullout Tests (LP) 
provide a good method of testing soil/metal 
friction tests for "reinforced earth" walls. 
These tests should be standardized. 
(3) Marginal materials can be best utilized, if 
a controlled construction procedure is adopted. 
(4) The Field Pullout. Testing (FP) provides 
valuable information on actual soil/metal fric-
tion for verification of the design of "rein-
forced earth" walls. Such tests are relatively 
economical, but very useful. 
(5) So far, there are very few failures in "re-
inforced earth" walls. It is possible, some of 
these walls are over designed. The performance 
evaluation for ne>ver products and construction 
methods is a must for the improvement in the de-













0 .25 0.50 0.75 
Strip Movement, Inches 
Fig. 4. Load -Versus - Strip Movement 
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Fig. 5. Length of Strip-Versus-Average 
Coefficient of Friction (Apparent) 
(6) The design of reinforced earth wall can b 
improved by using many shorter strips rathertr 
a few long strips, in the lower part of the wal 
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